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Bias ~ 10%

No direct link between ground
observation and what is needed

for algorithm improvement.

Random Errors ~ 25-50%
(between 1-10 mm/h)
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GPM GPM Science Objectives

GPM is a science mission with integrated applications

Ifﬁﬁglvséd global precipitation measurement capability from space

- by using the GPM Core as a calibrator of dedicated and operational PMW
sensors

M EASUREME

= Improved understanding of the water/energy cycle variability and
fresh water availability

- through better measurements of the space-time variability of global
precipitation and closure of the water/energy budget

= Improved weather prediction skKills

- through more accurate and frequent measurement of instantaneous rain
rates with better error characterizations and improved assimilation methods

= Improved flood-hazard and fresh-water-resource prediction
capabilities
- through better temporal sampling and spatial covera{qe of high-resolution

precipitation measurements and an integrated strategy to
hydrometeorological measurement & modeling

PR ECIP I T AT ON

Improved climate prediction

- through better understanding of precipitation microphysics, surface water
fluxes, soil moisture storage, and latent heating in the Earth’s responsw
4

- @\ climate changes
O
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GPM Validation Objectives

GPM validation goes beyond direct comparisons of surface
precipitation rates between ground and satellite measurements

GPM Ground Validation Objectives:

- Using ground-based measurements (including field campaigns)
to advance understanding of precipitation physics for satellite
algorithm and data product improvements

* Providing ancillary measurements to improve GPM data
applications in numerical weather prediction & climate
modeling

- Providing testbeds for improving GPM data usage in
hydrometeorological modeling and prediction.
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GPM Validation Concept
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i Applications context
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: GV goal is to provide ground observations for direct satellite product

R assessment and for algorithm/application improvements
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US GV strategy & Plan

US GPM Ground Measurement Advisory Panel
(Chair: Chris Kummerow) recommends:

- Surface precipitation statistical validation sites for direct
assessment of GPM satellite data products:

— Co-located with existing or upgraded national network (NEXRAD etc.) and
dense gauge networks

* Precipitation process sites for improving understanding of
precipitation physics, modeling, and satellite retrieval algorithms:

— Continental tropical, mid- and high-latitude sites (including
orographic/coastal sites and targeted sites for resolving discrepancies
between satellite algorithms)

— QOceanic tropical and mid-latitude sites

- Integrated hydrological sites for improving hydrological
applications:

— Co-located with existing watersheds maintained by other US agencies and
international research programs
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Precipitation Process Sites

Providing measurement of precipitation processes and ancillary
observations for improving the understanding and modeling of

precipitation

Reference Standard Sites for identifying
and correctln%Vfundamental problems in
DPR and PMW retrieval algorithms over
land and oceans. These sites also provide
ancillary observations for evaluating and
improving precipitation parameterizations
and satellite radiance simulations.

Orographic Sites for identifying and
correcting problems in algorithms over
complex terrains.

Coastal Sites for correcting algorithm
problems associated with coastal regions.

Additional Sites as needed for resolving
discrepancies between satellite algorithms
at specific locations.

Possible instrumentation:
— surface meteorological stations and rawinsondes

— scanning polarimetric radars operating at S and X
band

— vertically pointing profiling radars, disdrometers

— rain gauge networks

— aircrafts with multi-frequency radar & radiometer
for explicit ice measurements
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Example of a possible Reference
Standard Site at DOE-ARM CART

A key element over land may be core
“mobile” radars that can be
re-deployed to different locations for
extended but limited durations.
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Possible ocean sites:

‘High-Latitude Ocean Site:
Middleton Island, Alaska

Tropical Sites: Japanese Okinawa
Site, Kwajwelein Site

«Aircraft Campaigns

Orographic sites:

*Resolving discrepancies
between ground
measurements, and satellite
measurements
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Fig. 2 Topography of South 2e=ia

The lofty mountain mass comesponds to the Tibetan Plateau.
The west-east mounidin chain ofthis side is called the
Hmalayan Range. The bottorn figure shows simulated paths
ofwater wapor and it's upstream against the mountains during
the monzoon s=ason.
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- Goal: Establishing testbeds to
improve usage of satellite
precipitation data in il
hydrological applications. Y 4 *Use a hydrological basin to

— augment existing watersheds

« Possible instrumentation:
— Profiler
— Disdrometer or dense rain

Integrated Hydrological Sites

Innovative ideas:
; GPM validation by
" . Hydrological approach

get an integrated measure
of the goodness of

. estimates.

or hydrological networks . _ N

: H omparison against raaar
maintained by other US and raingauges from a
agencies _(e-g- NOAA hydrological perspective.
Hydrological Testbed Array,
right) or international research __HMT-2004 Microphysics Array
programs with enhanced = “\ 9 '
precipitation capabilities. N RN 4 Y
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gauges for verifying the
closure of the basin-scale
water budget as derived from
models and satellite
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Goal: Identifying and
resolving significant
discrepancies between the US
national network and satellite
estimates.

The national network is a carefuIIP/
constructed composite of available
national resources including radars and
rain gauge networks, used primarily for
comparison to identify systematic
discrepancies in GPM products.

Over oceans, the equivalent network is
constructed using diverse satellite
instruments. This is viewed as a
research effort as no new observations
are envisioned.

Additionally:

— Understand (and minimize) the errors
associated with the geometry and timing of
joint satellite and ground observations

— Quantify the bias and errors contributed by
individual ground and space-based
Instruments

— Contribute to an error model of
precipitation measurements
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- While not fully dedicated, aircraft

measurements are crucial for
verifying microphysical aspects
of precipitation.

The aircraft is a core component
of the validation strategy and is
designed to rapidly address
issues in the precipitation
retrievals that will undoubtedly
surface as radar measurements
are extended from the tropics
into high latitude regimes.

 The aircraft should carry at the

minimum the following
instruments: Ku, Ka and W band
radars (13, 35 and 95 GHz
respectively), and microwave
radiometers covering the
spectrum from 10-340 GHz).

Arthur Hou, 2™ International GPM GV workshop, 27-29 Sept 2005

Role of Aircraft
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GPM GV Success Criteria

* Providing “microphysics laboratories” for improving
satellite algorithms and GPM data products.

M EASUREME]

* Providing stable, calibrated surface precipitation
measurements as an independent assessment of
satellite-based precipitation estimates.

* Providing information for improving error
characterization of satellite precipitation products for
NWP and data assimilation applications.

* Providing testbeds for improving satellite precipitation
data usage in hydro-meteorological modeling and
prediction.
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A Potential GPM GV Partners

+  GPM was identified by United Nations in 2002 as
outstanding example of Peaceful Uses of Space --
benefiting international scientific community and enabling
important societal applications involving fresh water
resources and environmental forecasting.

P RECIP I T AT I ON

«  GPM Mission’s implementation approach is prototype for
emerging Global Earth Observing System of Systems (1st
Earth Observation Summit; Washington DC, 2003; Dept.
of State).
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